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(57) ABSTRACT

Dishing of a plate of a capacitor is suppressed in a structure
where the top of the plate is flush with a top of an
interconnection. Double interlayer dielectric films are used
to form a first recess and a second recess. The second recess
has an opening on the bottom of the first recess. The first and
second recesses are used to form a capacitor. The lower
electrode of the capacitor has a bottom part along the bottom
of the first recess. The lower electrode further includes a
sidewall part having an upper end that projects along a side
face of the second recess from the opening of the second
recess up to a position between the opening of the second
recess and a top of the upper interlayer dielectric film (the
upper one of the double interlayer dielectric films).

9 Claims, 15 Drawing Sheets
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SEMICONDUCTOR DEVICE AND METHOD
OF MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

The disclosure of Japanese Patent Application No. 2014-
119047 filed on Jun. 9, 2014 including the specification,
drawings and abstract is incorporated herein by reference in
its entirety.

BACKGROUND

The present invention relates to a semiconductor device
and a method of manufacturing the semiconductor device,
which is technology usable for a semiconductor device
including an interconnection layer having a capacitor, for
example.

The capacitor is an electronic element that accumulates
charges therein, and, for example, used in a dynamic random
access memory (DRAM). Such a capacitor may be required
to have high capacitance. The capacitor has a larger capaci-
tance with an increase in its surface area. Hence, the
capacitor may be increased in surface area so as to have a
larger capacitance.

On the other hand, a semiconductor chip is now required
to have smaller area. When a capacitor is provided in such
a semiconductor chip, the capacitor must have a small planar
configuration. So, the capacitor may now be provided in a
recess of an interconnection layer as described in, for
example, Japanese Unexamined Patent Application Publi-
cation Nos. 2011-14731, 2004-342787, 2005-101647, 2011-
54920, 2011-114049, 2012-160492, 2012-160493, 2013-
55203, 2013-89712, and 2012-4533. Such a capacitor has a
large surface area thanks to the inner side face of the recess,
and has a small planar configuration.

In addition, Japanese Unexamined Patent Application
Publication No. 2012-4533 (JP-A-2012-4533) describes the
following capacitor. The capacitor is formed using a first
recess provided on a surface of an interlayer dielectric film
included in an interconnection layer, and a second recess
provided on the bottom of the first recess. Specifically, the
lower electrode of the capacitor is provided along the bottom
and the side face of the second recess. The lower electrode
is covered with a capacitive dielectric film and an upper
electrode of the capacitor. Furthermore, a conductive plate is
located over the upper electrode. The interlayer dielectric
film has an interconnection provided in a region different
from the region having the capacitor. The top of the inter-
connection is flush with the top of the conductive plate.
JP-A-2012-4533 describes that such a structure improves
flatness of the interconnection layer.

SUMMARY

While lithography is necessarily used to form the capaci-
tor having the plate in the interconnection layer, the number
of times of such lithography is preferably smaller. Other
issues and novel features will be clarified from the descrip-
tion of this specification and the accompanying drawings.

In a semiconductor device according to one embodiment
of the present invention, a second interlayer dielectric film
is located over a first interlayer dielectric film. A first recess
and a second recess are formed using the first interlayer
dielectric film and the second interlayer dielectric film. The
second recess has an opening on the bottom of the first
recess. A capacitor is formed using the first recess and the
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second recess. The lower electrode of the capacitor has a
bottom along the bottom of the second recess. Furthermore,
the lower electrode has a sidewall part having an upper end
that projects along the side face of the second recess from
the opening of the second recess up to a position between the
opening of the second recess and the top of the second
interlayer dielectric film.

In a method of manufacturing a semiconductor device
according to another embodiment of the invention, a second
interlayer dielectric film is formed over a first interlayer
dielectric film. A second recess is then formed using the first
interlayer dielectric film and the second interlayer dielectric
film. A first conductive film is then formed along the bottom
and the side face of the second recess and the top of the
second interlayer dielectric film. Subsequently, a resist pat-
tern having an opening, which internally has the second
recess in a plan view, is formed while the second recess is
filled with a resist. The first conductive film is then partially
removed by etching using the resist pattern as a mask,
thereby a lower electrode is formed, and a first recess is
formed in the second interlayer dielectric film.

According to the above-described respective embodi-
ments of the invention, it is possible to decrease the number
of times of lithography for forming a capacitor having a
plate in an interconnection layer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional view illustrating a configuration of a
semiconductor device according to a first embodiment.

FIG. 2 is an expanded view of a major part of FIG. 1.

FIG. 3 is a sectional view illustrating a method of manu-
facturing the semiconductor device illustrated in FIGS. 1
and 2.

FIG. 4 is a sectional view illustrating the method of
manufacturing the semiconductor device illustrated in FIGS.
1 and 2.

FIG. 5 is a sectional view illustrating the method of
manufacturing the semiconductor device illustrated in FIGS.
1 and 2.

FIG. 6 is a sectional view illustrating the method of
manufacturing the semiconductor device illustrated in FIGS.
1 and 2.

FIG. 7 is a sectional view illustrating the method of
manufacturing the semiconductor device illustrated in FIGS.
1 and 2.

FIG. 8 is a sectional view illustrating the method of
manufacturing the semiconductor device illustrated in FIGS.
1 and 2.

FIG. 9 is a sectional view illustrating the method of
manufacturing the semiconductor device illustrated in FIGS.
1 and 2.

FIG. 10 is a sectional view illustrating the method of
manufacturing the semiconductor device illustrated in FIGS.
1 and 2.

FIG. 11 is a sectional view illustrating the method of
manufacturing the semiconductor device illustrated in FIGS.
1 and 2.

FIG. 12 is a sectional view illustrating the method of
manufacturing the semiconductor device illustrated in FIGS.
1 and 2.

FIG. 13 is a sectional view illustrating the method of
manufacturing the semiconductor device illustrated in FIGS.
1 and 2.

FIG. 14 is a sectional view illustrating the method of
manufacturing the semiconductor device illustrated in FIGS.
1 and 2.
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FIG. 15 is a sectional view illustrating the method of
manufacturing the semiconductor device illustrated in FIGS.
1 and 2.

FIG. 16 is a sectional view illustrating the method of
manufacturing the semiconductor device illustrated in FIGS.
1 and 2.

FIG. 17 is a sectional view illustrating a configuration of
a semiconductor device according to a second embodiment.

FIG. 18 is a sectional view illustrating a method of
manufacturing the semiconductor device illustrated in FIG.
17.

FIG. 19 is a sectional view illustrating the method of
manufacturing the semiconductor device illustrated in FIG.
17.

FIG. 20 is a sectional view illustrating the method of
manufacturing the semiconductor device illustrated in FIG.
17.

DETAILED DESCRIPTION

Hereinafter, some embodiments are described with refer-
ence to accompanying drawings. In all the drawings, like
components are designated by like numerals, and duplicated
description is appropriately omitted.

First Embodiment

FIG. 1 is a sectional view illustrating a configuration of a
semiconductor device SD according to a first embodiment.
In the semiconductor device SD, a memory cell and a logic
circuit are combined over a substrate SUB. Specifically, the
substrate SUB has a memory region MR and a logic region
LR. The semiconductor device SD has the memory cell over
the memory region MR and the logic region over the logic
region LR. The semiconductor device SD includes, for
example, a semiconductor substrate (for example, a silicon
substrate) or a silicon on insulator (SOI) substrate.

The memory cell includes a transistor TR1 and a capacitor
CP. The capacitor CP is electrically coupled to one of the
source and the drain of the transistor TR1. A bit line BL is
electrically coupled to the other of the source and the drain
of the transistor TR1. On the other hand, the logic circuit
includes a transistor TR2. In the exemplary case illustrated
in FIG. 1, the transistors TR1 and TR2 are isolated from each
other by a field oxide film FOX (an element isolating layer).
The field oxide film FOX is formed by, for example, shallow
trench Isolation (STI) or local oxidation of Silicon (LO-
COS).

The transistor TR2 is not limited to a transistor as a
component of a logic circuit. The transistor TR2 may be a
component of a peripheral circuit over the memory region
MR. In other words, the transistor TR2 may be a component
of a circuit that controls the transistor TR1. Such a circuit
employs a transistor having a structure similar to that of the
transistor in the logic circuit.

The transistor TR1 is coupled to the capacitor CP via
contacts CCT1 and CCT2. An etching stop layer ESTI, a
dielectric film DL1, an etching stop layer EST2, and a
dielectric film DL2 are stacked in order of closeness to the
substrate SUB between the transistor TR1 (substrate SUB)
and the capacitor CP. The contact CCT1 is provided in the
dielectric film DL1 while extending through the dielectric
film DL1 and the etching stop layer EST1. The contact
CCT2 is provided in the dielectric film DL2 while extending
through the dielectric film DL.2 and the etching stop layer
EST2. The bit line BL is provided in the dielectric film DL.2.
Furthermore, the bit line BL. is coupled to the transistor TR1
via a contact BCT1 provided in the dielectric film DL1.
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An interconnection layer IL is provided over the dielectric
film DL2. In the interconnection layer IL, an interlayer
dielectric film ILD and an etching stop layer EST are
repeatedly stacked in this order. To describe in detail later,
a recess REC1 (first recess) and a recess REC2 (second
recess) are provided in the interconnection layer IL.. The
capacitor CP is formed using the recess REC1 and the recess
REC2.

In the exemplary case illustrated in FIG. 1, the intercon-
nection layer IL has an interconnection CWR and a via CVA
in the interlayer dielectric film IL.D over the memory region
MR. Specifically, the interconnection CWR and the via CVA
are provided in the interlayer dielectric film ILD over the
capacitor CP while being electrically coupled to the capaci-
tor CP. The via CVA is coupled to the bottom part of the
interconnection CWR. The interconnection CWR and the
via CVA are formed by dual damascene, for example.

Furthermore, the interconnection layer IL. has an inter-
connection WR, interconnections LWR, and vias LVA over
the login region LR. The interconnection WR is provided in
the lowest interlayer dielectric film IL.D in the interconnec-
tion layer IL. The interconnection WR is electrically coupled
to the source or drain of the transistor TR2 via contacts CT1
and CT2 provided in the dielectric films DL1 and DL2
(dielectric films located under the interconnection layer IL.),
respectively. The interconnection LWR and the via LVA are
provided in each of the interlayer dielectric films ILD
located above the interconnection WR. Furthermore, the
interconnection LWR and the via LVA are coupled to the
transistor TR2 via the interconnection WR and the contacts
CT1 and CT2. The interconnection LWR and the via LVA
are formed by, for example, dual damascene as with the
interconnection CWR and the via CVA.

The interlayer dielectric film ILD is composed of, for
example, a silicon oxide (SiO,) film or a low-k film (for
example, SiOC film). The etching stop layer EST is config-
ured of, for example, a silicon nitride (SiN) film or a silicon
carbonitride (SiCN) film.

FIG. 2 is an expanded view of a major part of FIG. 1. In
the exemplary case illustrated in FIG. 2, the recesses REC1
and REC2 are provided in the double interlayer dielectric
films ILD located lowest in the interconnection layer IL.
However, the recesses REC1 and REC2 are not limitedly
provided at the position illustrated in FIG. 2. For example,
the recesses REC1 and REC2 may be provided in a layer
above the double films lowest in the interconnection layer
L.

The recess REC1 extends through the upper interlayer
dielectric film ILD (second interlayer dielectric film) of the
double interlayer dielectric films ILD. Furthermore, the
bottom part of the recess REC1 extends through the etching
stop layer EST located between the double interlayer dielec-
tric films ILD. However, the bottom part of the recess REC1
may not extend through the etching stop layer EST. For
example, the recess REC1 may merely extend into the
etching stop layer EST, or the bottom part thereof may be
located above the top of the etching stop layer EST.

The recess REC2 has an opening on the bottom of the
recess REC1. The recess REC2 extends through the lower
interlayer dielectric film ILD (first interlayer dielectric film)
of'the double interlayer dielectric films IL.D. Furthermore, in
the exemplary case illustrated in FIG. 2, the bottom part of
the recess REC2 extends into the dielectric film DL2 (dielec-
tric film located under the interconnection layer IL). How-
ever, the bottom part of the recess REC2 may not extend into
the dielectric film DL2. For example, the bottom part of the
recess REC2 may be located above the top of the dielectric
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film DL2. In other words, the recess REC2 may not extend
through the interlayer dielectric film ILD.

Although each of the recesses REC1 and REC2 extends
through only one interlayer dielectric film ILD in the exem-
plary case illustrated in FIG. 2, the recesses REC1 and REC2
may not be limitedly configured in such a manner. For
example, the recess REC1 may extend through a plurality of
the interlayer dielectric films ILD. The recess REC2 may
also extend through a plurality of the interlayer dielectric
films ILD.

The capacitor CP is formed using the recesses REC1 and
REC2. Specifically, the capacitor CP has a lower electrode
LE, a capacitive dielectric film CDL, an upper electrode UE,
and a conductive film CF.

The lower electrode LE has a bottom part BP and a
sidewall part SW. The bottom part BP is provided along the
bottom part of the recess REC2. The bottom part BP is
coupled to the contact CCT2. The sidewall part SW has an
upper end projecting from the opening of the recess REC2
along the side face of the recess REC2. The upper end
extends up to a point between the opening of the recess
REC2 and the top of the interlayer dielectric film ILD (the
interlayer dielectric film ILD having the recess REC1). The
lower electrode LE is composed of, for example, titanium
nitride (TiN). However, the material for the lower electrode
LE is not limited thereto. A portion of the sidewall part SW,
the portion projecting from the opening of the recess REC2,
has a height of 10 to 500 nm, for example.

The capacitive dielectric film CDL covers the bottom part
BP of the lower electrode LE and the inner wall of the
sidewall part SW of the lower electrode LE. The capacitive
dielectric film CDL further covers a portion of the sidewall
part SW of the lower electrode LE, the portion projecting
from the opening of the recess REC2. In the exemplary case
illustrated in FIG. 2, the capacitive dielectric film CDL is
provided along the bottom part BP of the lower electrode LE
and along the inner and outer walls of the sidewall part SW
of the lower electrode LE. The capacitive dielectric film
CDL is composed of, for example, a high-k material (for
example, zirconia (Zr0O,)). However, the material for the
capacitive dielectric film CDL is not limited thereto.

The upper electrode UE covers the capacitive dielectric
film CDL. In the exemplary case illustrated in FIG. 2, as
with the capacitive dielectric film CDL, the upper electrode
UE is provided along the bottom part BP of the lower
electrode LE and along the inner and outer walls of the
sidewall part SW of the lower electrode LE. In the first
embodiment, the upper electrode UE is composed of a
stacked film (Ta/TaN/W/TiN) including titanium nitride
(TiN), tungsten (W), tantalum nitride (TaN), and tantalum
(Ta) stacked in order of closeness to the capacitive dielectric
film CDL. However, the material for the upper electrode UE
is not limited thereto.

The conductive film CF covers the upper electrode UE of
the capacitor CP. The conductive film CF is provided as a flat
plate PL over the upper electrode UE. The plate PL has a
thickness of, for example, 10 to 300 nm. The top of the plate
PL is flush with the top of an interconnection (interconnec-
tion LWR) located in the same layer as the plate PL. The
conductive film CF forms a filled part BUR in a space
located under the plate PL (for example, a space between the
projecting portion of the sidewall part SW of the lower
electrode LE (projecting portion from the opening of the
recess REC2) and the side face of the recess REC1), which
fills the space. In the first embodiment, the conductive film
CF is composed of copper alloy. However, the material for
the conductive film CF is not limited thereto.
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The upper electrode UE may fill the filled part BUR (for
example, a recess formed by the inner side face of the lower
electrode LE) depending on thicknesses of the upper elec-
trode UE. In such a case, the conductive film CF does not fill
the filled part BUR. The conductive film CF forms the plate
PL over the filled part BUR.

In FIG. 2, one recess REC2 is shown for one recess REC1
for illustrative purposes. However, a plurality of recesses
REC2 may be provided for one recess REC1. In such a case,
the lower electrode LE is provided for each of the recesses
REC2. However, the capacitive dielectric film CDL and the
upper electrode UE are each provided across the recesses
REC2. In other words, a plurality of capacitors CP individu-
ally provided for the recesses REC2 share the capacitive
dielectric film CDL and the upper electrode UE. Further-
more, one plate PL is provided for the plurality of capacitors
CP.

FIGS. 3 to 16 are each a sectional view illustrating a
method of manufacturing the semiconductor device SD
illustrated in FIGS. 1 and 2. First, the field oxide film FOX
(element isolating layer) and the transistors TR1 and TR2
are formed in the substrate SUB illustrated in FIG. 1.

In detail, first, the field oxide film FOX is formed in the
substrate SUB. Subsequently, a gate dielectric film and a
gate electrode are formed in the substrate SUB. Subse-
quently, impurities are implanted into the substrate SUB
with the gate electrode and the field oxide film FOX as a
mask. Consequently, a lightly-doped drain (LLDD) and a
lightly-doped source (LLDS) are formed in the substrate
SUB. Subsequently, a dielectric film to be a sidewall is
formed over the substrate SUB and the gate electrode, which
is then etched back. Consequently, the sidewall is formed.
Subsequently, impurities are implanted into the substrate
SUB with the sidewall, the gate electrode, and the field oxide
film FOX as a mask. Consequently, sources and drains are
formed in the substrate SUB.

Subsequently, the etching stop layer EST1 and the dielec-
tric film DL1 are formed over the substrate SUB, the field
oxide film FOX, and the transistors TR1 and TR2. The
etching stop layer EST1 includes, for example, a silicon
nitride (SiN) film. The dielectric film DL1 includes, for
example, a silicon oxide (SiO,) film. Subsequently, the
contacts BCT1, CCT1, and CT1 are formed in the dielectric
film DL1 in an embedded manner. Such contacts are each
composed of, for example, tungsten (W). Subsequently, the
etching stop layer EST2 is provided over the dielectric film
DL1 and the contacts. Subsequently, the bit line BL is
formed through the etching stop layer EST2 so as to be
coupled to the contact BCT1.

Subsequently, the dielectric film DL2 is formed over the
bit line BL and the etching stop layer EST2. Subsequently,
the contact CCT2 and the contact CT2 are each formed
through the etching stop layer EST2. The contact CCT2 is
formed so as to be coupled to the contact CCT1, while the
contact CT2 is formed so as to be coupled to the contact
CT1.

Subsequently, as illustrated in FIG. 3, the interlayer
dielectric film ILD is formed over the contacts CCT2 and
CT2 and the dielectric film DL2. The interconnection WR is
formed through the interlayer dielectric film ILD. Subse-
quently, the etching stop layer EST is formed over the
interconnection WR and the interlayer dielectric film ILD.
Subsequently, the interlayer dielectric film ILD is formed
over the etching stop layer EST. Subsequently, a dielectric
film DDL is formed over the interlayer dielectric film ILD.
The dielectric film DDL includes, for example, a silicon
oxide (Si0,) film.
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Subsequently, as illustrated in FIG. 4, the recess REC2 is
formed in the interlayer dielectric film ILD over the memory
region MR. In the exemplary case illustrated in FIG. 4, the
recess REC2 extends through the double interlayer dielectric
films ILD, and the bottom part thereof extends into the
dielectric film DL2. The upper part of the contact CCT2 is
located in the bottom part of the recess REC2.

Subsequently, as illustrated in FIG. 5, the conductive film
CF1 (first conductive film) is formed over the recess REC2
and the dielectric film DDL. Consequently, the conductive
film CF1 is provided along the bottom and the side face of
the recess REC2 and along the top of the dielectric film
DDL. The conductive film CF1 is formed by, for example,
sputtering, atomic layer deposition (ALD), or metal organic
chemical vapor deposition (MOCVD). As described in detail
later, the conductive film CF1 acts as the lower electrode LE
of the capacitor CP. The conductive film CF1 is composed
of, for example, titanium nitride (TiN).

Subsequently, as illustrated in FIG. 6, a resist pattern,
which has an opening OP internally including the recess
REC2 in a plan view, is formed while some of the resist film
RF fills the recess REC2. Such a resist pattern is formed, for
example, in the following manner. First, a resist is applied
onto the entire surface of the conductive film CF1. In this
operation, some of the resist fills the recess REC2. Subse-
quently, the opening OP is formed in the resist by lithogra-
phy. At this time, the resist filling the recess REC2 is not
removed except for the upper part thereof. Thus, as illus-
trated in FIG. 6, the recess REC2 internally has a resist film
RF having a top bowed toward the bottom part of the recess
REC2.

Subsequently, as illustrated in FIG. 7, etching is per-
formed using the resist pattern as a mask, so that the
conductive film CF1 is partially removed, and the recess
REC1 is formed in the interlayer dielectric film IL.D. In other
words, partial removal of the conductive film CF1 and
formation of the recess REC1 are performed together. Con-
sequently, the conductive film CF1 remaining over the
memory region MR functions as the lower electrode LE. For
example, reactive ion etching (RIE) is performed as the
etching. Subsequently, the resist pattern is removed by, for
example, asking.

In the exemplary case illustrated in FIG. 7, the etching is
continuously performed up to removal of the etching stop
layer EST located on the bottom of the interlayer dielectric
film ILD, in which the opening of the recess REC1 is
formed. In the case, each of the dielectric film DDL, the
interlayer dielectric film ILD, and the etching stop layer EST
has an etching rate higher than that of the lower electrode LE
in a thickness direction of the interlayer dielectric film ILD.
As a result, the bottom of the recess REC1 is located below
the upper end of the lower electrode LE.

Subsequently, as illustrated in FIG. 8, the capacitive
dielectric film CDL, the upper electrode UE, and the con-
ductive film CF (second conductive film) are stacked in this
order. The capacitive dielectric film CDL, the upper elec-
trode UE, and the conductive film CF are each formed by,
for example, sputtering, ALD, or MOCVD. In the first
embodiment, the conductive film CF is composed of copper
alloy as described above.

Subsequently, as illustrated in FIG. 9, the surface layer of
the conductive film CF is removed by, for example, chemical
mechanical polishing (CMP). In this operation, the conduc-
tive film CF is removed until the surface layer of the
dielectric film DDL appears over the logic region LR. In
other words, the dielectric film DDL functions as a stopper
for removal of the conductive film CF (by the CMP, for
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example). Consequently, the conductive film CF remains
over the memory region MR while being removed from the
area over the logic region LR. Furthermore, the conductive
film CF remains as the plate PL and the filled part BUR over
the memory region MR.

Subsequently, as illustrated in FIG. 10, a protective
dielectric film PDL is formed over the conductive film CF
over the memory region MR and the dielectric film DDL
over the logic region LR. The protective dielectric film PDL
includes, for example, a silicon nitride (SiN) film.

Subsequently, as illustrated in FIG. 11, a connection hole
CH (third recess) is formed by lithography in the interlayer
dielectric film ILD over the logic region LR. The connection
hole CH is located in a region that coincides with the
interconnection WR in a plan view. In the exemplary case
illustrated in FIG. 11, the bottom part of the connection hole
CH extends through the interlayer dielectric film ILD into
the etching stop layer EST located under the interlayer
dielectric film ILD.

In the exemplary case illustrated in FIG. 11, the connec-
tion hole CH is formed by etching such as RIE. In such
etching, the surface of the plate PL. may be oxidized by ions
generated by RIE, for example. In the exemplary case
illustrated in FIG. 11, however, the surface of the plate PL.
is covered with the protective dielectric film PDL. This
prevents the surface of the plate PL from being oxidized.

Subsequently, as illustrated in FIG. 12, a trench TRE
(third recess) is formed by lithography in the interlayer
dielectric film ILD over the logic region LR. The trench TRE
is formed such that the bottom part thereof communicates
with the connection hole CH. The trench TRE is also formed
by etching such as RIE as with the connection hole CH. The
protective dielectric film PDL on the plate PL also prevents
oxidization of the plate PL during such etching in the same
way as described above.

Subsequently, as illustrated in FIG. 13, a certain portion
of the etching stop layer EST, into which the bottom part of
the connection hole CH extends, and the protective dielec-
tric film PDL are etched back and removed. In the step
illustrated in FIG. 13, the portion of the etching stop layer
EST, into which the bottom part of the connection hole CH
extends (FIG. 12), may have a thickness larger than the
protective dielectric film PDL. Furthermore, the protective
dielectric film PDL and the etching stop layer EST may be
composed of the same material. In such a case, even if the
protective dielectric film PDL is entirely removed by the
etching back, such a portion of the etching stop layer EST
remains. Consequently, the interconnection (interconnection
WR) located under the etching stop layer EST is prevented
from being etched.

Subsequently, as illustrated in FIG. 14, the conductive
film CF2 is formed over the interlayer dielectric film IL.D. In
this operation, the conductive film CF2 covers the plate PL,
over the memory region MR, while some of the conductive
film CF2 fills the trench TRE and the connection hole CH
over the logic region LR. To describe in detail later, the
conductive film CF2 acts as the interconnection LWR in the
trench TRE, and acts as the via LVA in the connection hole
CH. The conductive film CF2 is composed of, for example,
the same material as that for the plate PL (for example,
copper alloy).

Subsequently, as illustrated in FIG. 15, the surface layer
of the conductive film CF2 is removed by, for example,
CMP. Consequently, the conductive film CF2 is removed
and the surface of the plate PL is exposed over the memory
region MR. On the other hand, the conductive film CF2 is
removed over the logic region LR except for a portion filling
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the trench TRE and the connection hole CH. Consequently,
the interconnection LWR is formed in the trench TRE, while
the via LVA is formed in the connection hole CH. Further-
more, the top of the plate PL. becomes flush with the top of
the interconnection LWR. In the exemplary case illustrated
in FIG. 15, the dielectric film DDL over the logic region LR
is also removed.

Subsequently, as illustrated in FIG. 16, the etching stop
layer EST, the interlayer dielectric film ILD, and the dielec-
tric film DDL are stacked in this order over the plate PL, the
interconnection LWR, and the interlayer dielectric film IL.D.
Subsequently, the interconnection CWR and the via CVA are
formed in the interlayer dielectric film ILD over the memory
region MR, and the interconnection LWR and the via LVA
are formed in the interlayer dielectric film ILD over the logic
region LR. Subsequently, similar steps are repeated. In this
way, the semiconductor device SD illustrated in FIGS. 1 and
2 is fabricated.

Thus, according to the first embodiment, as illustrated in
FIG. 7, the lower electrode LE and the recess REC1 are
formed together. This enables a smaller number of times of
lithography.

Furthermore, according to the first embodiment, the lower
electrode LE of the capacitor CP has the sidewall part SW
projecting upward from the opening of the recess REC2.
This allows the capacitive dielectric film CDL of the capaci-
tor CP to be in contact with the outer wall of the sidewall part
SW in addition to the bottom part BP of the lower electrode
LE and the inner wall of the sidewall part SW. As a result,
it is possible to increase area of a portion that contributes to
the capacitor function.

Furthermore, in the first embodiment, the bottom part of
the recess REC1 extends through the etching stop layer EST.
This makes it possible to increase height of the projecting
portion of the sidewall part SW (the projecting portion from
the opening of the recess REC2). Consequently, it is possible
to effectively increase area of the portion that contributes to
the capacitor function. When the bottom part of the recess
REC1 merely extends into the etching stop layer EST
instead of extending through the etching stop layer EST,
similar effects are also exhibited.

Furthermore, according to the first embodiment, as
described above, the outer wall of the projecting portion of
the sidewall part SW of the lower electrode LE of the
capacitor CP also contributes to the capacitor function. In
such a case, even if a distance from the upper end of the
sidewall part SW to the opening of the recess REC1 is
somewhat large, the capacitor CP has the necessary capaci-
tance. In such a case, the plate PL is allowed to have a large
thickness. Since the plate PL has a large width, dishing tends
to occur in the plate PL during formation of the plate PL by,
for example, CMP. In addition, when the plate PL has a
small thickness, the plate PL. may be broken due to such
dishing. In the first embodiment, however, it is possible to
effectively prevent such breaking of the plate PL. Such an
effect is particularly effectively exhibited for the thickness of
the plate PL of 10 to 300 nm.

Furthermore, according to the first embodiment, the step
of forming the plate PL (FIG. 9) and the step of forming the
interconnection (interconnection LWR) in the same layer as
the plate PL (FIG. 15) are performed at different timings.
The plate PL has a width larger than the interconnection
LWR. When the surface layers of the conductive members
having such different widths are removed together by, for
example, CMP, dishing typically occurs in a conductive
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member having a relatively large width (plate PL). Accord-
ing to the first embodiment, however, such dishing is effec-
tively prevented.

Second Embodiment

FIG. 17 is a sectional view illustrating a configuration of
a semiconductor device SD according to a second embodi-
ment, which corresponds to FIG. 2 in the first embodiment.
The semiconductor device SD according to the second
embodiment has a configuration similar to that of the
semiconductor device SD according to the first embodiment
except for a configuration of the capacitor CP.

In detail, the recesses REC1 and REC2 are provided in the
double interlayer dielectric films IL.D located lowest in the
interconnection layer IL. The recess REC1 is provided in the
upper interlayer dielectric film ILD of the double interlayer
dielectric films ILD. In this configuration, the bottom of the
recess REC1 is located above the bottom of the upper
interlayer dielectric film ILD. In other words, the recess
REC1 does not extend through the upper interlayer dielectric
film ILD. The recess REC2 is provided on the bottom of the
recess REC1. The recess REC2 extends through the bottom
of the interlayer dielectric film ILD having the recess REC1
and through the interlayer dielectric film ILD (the lowest
interlayer dielectric film ILD of the interconnection layer IL.)
located under the interlayer dielectric film ILD having the
recess REC1.

As with the first embodiment, the capacitor CP has the
lower electrode LE, the capacitive dielectric film CDL, the
upper electrode UE, and the conductive film CF. The capaci-
tor CP is formed using the recesses REC1 and REC2.

The lower electrode LE has the bottom part BP and the
sidewall part SW as with the first embodiment. The bottom
part BP is provided along the bottom of the recess REC2.
The sidewall part SW is provided along the inner side face
of'the recess REC2. In the exemplary case illustrated in FIG.
17, the upper end of the sidewall part SW is flush with the
bottom of the recess REC1. The upper end of the sidewall
part SW may be located below the bottom of the recess
RECI1. The lower electrode LE is composed of a material
similar to that of the first embodiment (for example, titanium
nitride (TiN)).

The capacitive dielectric film CDL covers the lower
electrode LE within the recess REC2, and covers the bottom
part of the recess REC1. In the exemplary case illustrated in
FIG. 17, the capacitive dielectric film CDL is provided along
the bottom part BP of the lower electrode LE, the inner wall
of the sidewall part SW of the lower electrode LE, and the
bottom part of the recess REC1. The capacitive dielectric
film CDL is composed of a material similar to that of the first
embodiment (for example, a high-k material such as zirconia
(ZrO,)).

The upper electrode UE covers the capacitive dielectric
film CDL. In the exemplary case illustrated in FIG. 17, the
upper electrode UE is provided along the bottom part BP of
the lower electrode LE, the inner wall of the sidewall part
SW of the lower electrode LE, and the bottom part of the
recess REC1. The upper electrode UE is composed of a
stacked film (Ta/TaN/W/TiN) including materials similar to
those in the first embodiment, i.e., titanium nitride (TiN),
tungsten (W), tantalum nitride (TaN), and tantalum (Ta)
stacked in order of closeness to the capacitive dielectric film
CDL.

The conductive film CF covers the upper electrode UE of
the capacitor CP. The conductive film CF is provided as a flat
plate PL over the upper electrode UE. The conductive film
CF partially fills the recess REC2 (forms the filled part
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BUR). The conductive film CF is composed of a material
similar to that (copper alloy) of the first embodiment.

FIGS. 18 to 20 are each a sectional view illustrating a
method of manufacturing the semiconductor device SD
illustrated in FIG. 17. First, the steps illustrated in FIGS. 3
to 6 are performed as with the first embodiment.

Subsequently, as illustrated in FIG. 18, etching is per-
formed using the resist pattern shown in FIG. 6 as a mask,
so that the conductive film CF1 is partially removed, and the
recess REC1 is formed in the interlayer dielectric film ILD.
In other words, partial removal of the conductive film CF1
and formation of the recess REC1 are performed together.
Consequently, the conductive film CF1 remaining over the
memory region MR functions as the lower electrode LE. For
example, RIE is performed as the etching. Subsequently, the
resist pattern is removed by, for example, asking. In the
exemplary case illustrated in FIG. 18, the upper end of the
lower electrode LE (sidewall part SW) is flush with the
bottom of the recess REC1. However, the upper end of the
lower electrode LE (sidewall part SW) may be located
below the bottom of the recess REC1.

Subsequently, as illustrated in FIG. 19, the capacitive
dielectric film CDL, the upper electrode UE, and the con-
ductive film CF are stacked in this order.

Subsequently, as illustrated in FIG. 20, the surface layer
of the conductive film CF is removed by, for example, CMP.
In this operation, the conductive film CF is removed until the
surface layer of the dielectric film DDL appears over the
logic region LR. Consequently, the conductive film CF
remains over the memory region MR while being removed
from the area over the logic region LR. Furthermore, the
conductive film CF remains as the plate PL and the filled part
BUR over the memory region MR.

Subsequently, as with the first embodiment, the intercon-
nection LWR and the via LVA are formed in the interlayer
dielectric film ILD in the same layer as the plate PL.
Subsequently, the interconnection layer IL. is formed over
the plate PL as with the first embodiment. In this way, the
semiconductor device SD illustrated in FIG. 17 is fabricated.

Thus, according to the second embodiment, as illustrated
in FIG. 18, the lower electrode LE and the recess REC1 are
formed together. This enables a smaller number of times of
lithography as with the first embodiment.

Modification 1

The semiconductor device SD according to Modification
1 has a configuration similar to that of the semiconductor
device SD according to the first embodiment except for a
material for the upper electrode UE of the capacitor CP and
a material for the conductive film CF. In detail, the upper
electrode UE of the Modification 1 is composed of titanium
nitride (TiN). The conductive film CF is composed of
tungsten (W). In the Modification 1, the interconnection
LWR and the via LVA in the same layer as the plate PL
(conductive film CF) may each be composed of the same
material as that for the conductive film CF or composed of
a material (for example, copper) different from the material
for the conductive film CF. The Modification 1 also provides
effects similar to those of the first embodiment.
Modification 2

The semiconductor device SD according to Modification
2 has a configuration similar to that of the semiconductor
device SD according to the first embodiment except for a
material for the upper electrode UE of the capacitor CP and
a material for the conductive film CF. In detail, the upper
electrode UE in the Modification 2 is composed of a stacked
film (Ta/TaN) including tantalum nitride (TaN) and tantalum
(Ta) stacked in order of closeness to the capacitive dielectric
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film CDL. The conductive film CF is composed of copper
alloy. The Modification 2 also provides effects similar to
those of the first embodiment.

Modification 3

The semiconductor device SD according to Modification
3 has a configuration similar to that of the semiconductor
device SD according to the first embodiment except for a
material for the upper electrode UE of the capacitor CP and
a material for the conductive film CF. In detail, the upper
electrode UE of the Modification 3 is composed of a stacked
film (Ta/TaN/TiN) including titanium nitride (TiN), tanta-
lum nitride (TaN) and tantalum (Ta) stacked in order of
closeness to the capacitive dielectric film CDL. The con-
ductive film CF is composed of copper alloy. The Modifi-
cation 3 also provides effects similar to those of the first
embodiment.

Modification 4

The semiconductor device SD according to Modification
4 has a configuration similar to that of the semiconductor
device SD according to the first embodiment except for a
material for the upper electrode UE of the capacitor CP and
a material for the conductive film CF. In detail, the upper
electrode UE in the Modification 4 is composed of a stacked
film (Ti/TiN) including titanium nitride (TiN) and titanium
(Ti) stacked in order of closeness to the capacitive dielectric
film CDL. The conductive film CF is composed of copper
alloy. The Modification 4 also provides effects similar to
those of the first embodiment.

Modification 5

The semiconductor device SD according to Modification
5 has a configuration similar to that of the semiconductor
device SD according to the second embodiment except for
a material for the upper electrode UE of the capacitor CP and
a material for the conductive film CF. In detail, the upper
electrode UE in the Modification 5 is composed of titanium
nitride (TiN). The conductive film CF is composed of
tungsten (W). In the Modification 5, the interconnection
LWR and the via VA in the same layer as the plate PL
(conductive film CF) may each be composed of the same
material as that for the conductive film CF or composed of
a material (for example, copper) different from the material
for the conductive film CF. The Modification 5 also provides
effects similar to those of the second embodiment.
Modification 6

The semiconductor device SD according to Modification
6 has a configuration similar to that of the semiconductor
device SD according to the second embodiment except for
a material for the upper electrode UE of the capacitor CP and
a material for the conductive film CF. In detail, the upper
electrode UE in the Modification 6 is composed of a stacked
film (Ta/TaN) including tantalum nitride (TaN) and tantalum
(Ta) stacked in order of closeness to the capacitive dielectric
film CDL. The conductive film CF is composed of copper
alloy. The Modification 6 also provides effects similar to
those of the second embodiment.

Although the invention achieved by the inventors has
been described in detail according to some embodiments
hereinbefore, the invention should not be limited thereto,
and it will be appreciated that various modifications or
alterations thereof may be made within the scope without
departing from the gist of the invention.

What is claimed is:

1. A semiconductor device, comprising:

a substrate;

a first transistor provided in the substrate;

a second transistor provided in the substrate;

a first interlayer dielectric film located over the substrate;
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a second interlayer dielectric film located over the first
interlayer dielectric film;

a first recess having an opening in a surface of the second
interlayer dielectric film and a bottom on the first
interlayer dielectric film;

a second recess that has an opening at the bottom of the
first recess, and is at least partially located in the first
interlayer dielectric film;

a capacitor that is formed using the first recess and the
second recess, and is electrically coupled to one of a
source and a drain of the first transistor; and

a conductive member that is formed in the second inter-
layer dielectric film, and is electrically coupled to one
of a source and a drain of the second transistor,

the capacitor including:

a lower electrode having a bottom part along a bottom of
the second recess, and a sidewall part along a side face
of the second recess, the sidewall part having an upper
end portion that projects from the opening of the
second recess to a position that is between the opening
of the second recess and a top of the second interlayer
dielectric film,

a capacitive dielectric film covering the bottom part of the
lower electrode and an inner wall of the sidewall part
of the lower electrode, and covering an outer wall of a
portion of the sidewall part, the portion projecting from
the opening of the second recess,

an upper electrode covering the capacitive dielectric film,
and

a conductive plate located over the upper electrode,

a top of the conductive plate being flush with a top of the
conductive member.

2. The semiconductor device according to claim 1,

wherein the conductive plate has a thickness of 10 to 300
nm.

3. A semiconductor device, comprising:

a substrate;

a first transistor provided in the substrate;

a second transistor provided in the substrate;

a first interlayer dielectric film located over the substrate;

a second interlayer dielectric film located over the first
interlayer dielectric film;

a first recess having an opening in a surface of the second
interlayer dielectric film and a bottom on the first
interlayer dielectric film;

a second recess that has an opening at the bottom of the
first recess, and is at least partially located in the first
interlayer dielectric film;

a capacitor that is formed using the first recess and the
second recess, and is electrically coupled to one of a
source and a drain of the first transistor; and

a conductive member that is formed in the second inter-
layer dielectric film, and is electrically coupled to one
of a source and a drain of the second transistor,

the capacitor including:

a lower electrode having a bottom part along a bottom
of the second recess, and a sidewall part along a side
face of the second recess, the sidewall part having an
upper end portion that projects from the opening of
the second recess to a position that is between the
opening of the second recess and a top of the second
interlayer dielectric film,

a capacitive dielectric film covering the bottom part of
the lower electrode and an inner wall of the sidewall
part of the lower electrode, and covering an outer
wall of a portion of the sidewall part, the portion
projecting from the opening of the second recess,
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an upper electrode covering the capacitive dielectric
film, and

a conductive plate located over the upper electrode,

a top of the conductive plate being flush with a top of
the conductive member, and the semiconductor
device further comprising:

an etching stop layer that is located between the first
interlayer dielectric film and the second interlayer
dielectric film, and is composed of a material different
from a material for each of the first interlayer dielectric
film and the second interlayer dielectric film, and

wherein a bottom part of the first recess extends into the
etching stop layer, or extends through the etching stop
layer.

4. The semiconductor device according to claim 3,

wherein a bottom part of the conductive member extends
through the etching stop layer.

5. A semiconductor device, comprising:

a substrate with first and second transistors;

a first interlayer dielectric film disposed over the substrate
in a thickness direction;

a second interlayer dielectric film disposed over the first
interlayer dielectric film;

a first recess having a first opening and a first bottom, the
first opening being in an upper surface of the second
interlayer dielectric film and the first bottom being
below the first opening in the thickness direction;

a second recess having a second opening and a second
bottom, the second opening being at the first bottom of
the first recess, the second recess extending at least
partially through the first interlayer dielectric film;

a capacitor formed by the first and second recesses, the
capacitor being electrically coupled to the first transis-
tor; and

a conductive member formed in the second interlayer
dielectric film, the conductive member being electri-
cally coupled to the second transistor,

wherein the capacitor includes lower and upper elec-
trodes, a capacitive dielectric film, and a conductive
plate,

wherein the lower electrode is formed over sidewalls and
the second bottom of the second recess,

wherein the lower electrode includes an upper end portion
extending from the second opening into the first recess,
the upper end portion being between the second open-
ing and a top of the second interlayer dielectric film in
the thickness direction,

wherein the capacitive dielectric film covers the lower
electrode,

wherein the upper electrode covers the capacitive dielec-
tric film,

wherein the conductive plate is located over the upper
electrode in the thickness direction, and

wherein a width of the first bottom of the first recess is
greater than a width of the second opening of the
second recess.

6. The semiconductor device according to claim 5,
wherein a top of the conductive plate is aligned with a top
of the conductive member in the thickness direction.

7. The semiconductor device according to claim 5, further
comprising an etching stop layer disposed between the first
interlayer dielectric film and the second interlayer dielectric
film,

wherein the etching stop layer is composed of a material
different from that of the first and second interlayer
dielectric films, and
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wherein the first recess extends into or through the etching

stop layer.

8. The semiconductor device according to claim 7,
wherein the conductive member extends through the etching
stop layer. 5

9. The semiconductor device according to claim 5,
wherein the conductive plate has a thickness of 10 to 300
nm.



